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REMARKS 

Reconsideration is requested. 

Claims 1-4, 10-16 and 40-50 are pending. 

Claims 2, 3, 5-9, 11, 17-39, 41, 42 and 45, have been canceled, without 
prejudice. The amended claims recite altered plant characteristics. Support for the 
revisions may be found throughout the specification, such as on page 15, lines 12-17 
and in now-canceled claims 11 and 45. Claims 1, 4, 10, 12-16, 40, 43, 44 and 46-50 
will be pending upon entry of the present Amendment. Entry of the present Amendment 
is requested. 

Entry of the present Amendment will at least reduce the issues for appeal by 
making moot the Section 103 rejection of claims 1 1 and 45 over Kleinow, Sakamoto and 
lida (Plant Journal 2000 Oct; 24(2):191-203). Entry of the present Amendment is 
requested. 

The present Amendment will further at least reduce the issues for appeal by 
obviating the Section 102 rejection of claims 16 and 50 over Kleinow (Plant Journal 
2000, July; 23(1 ):1 1 5-22). Specifically, the cited art does not teach plant cells or plant 
cells with altered characteristics of the claims. Entry of the present Amendment and 
withdrawal of the Section 102 rejection are requested. 

The Section 103 rejection of claims 1-4, 10, 12-15, 40-44 and 46-49 over 
Kleinow, Sakamoto (Gene 2000 May 2; 248(1 -2):23-32) and Kim (Plant Journal 2001 
Feb; 25(3):247-59), is also believed to be obviated by the above amendments. Entry of 
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the present Amendment and withdrawal of the rejection are requested along with 
consideration of the following comments. 

Kleinow is asserted to teach a yeast host cell having modified expression of a 
nucleic acid which is 100 % identical to SEQ ID NO:1835 and which would have altered 
characteristics (suppression of snf4 deficiency in yeast). Sakamoto is asserted to teach 
that expression of AZF2 is strongly induced by various stresses (including high salt, 
dehydration and ABA treatment). Kim is asserted to teach that expression of SCOF1 
would alter cold tolerance of plants. The Examiner is understood to believe that SCOF1 
would be essentially similar to SEQ ID NO:1835. 

The combination of cited art would not have made the claimed invention obvious. 
Specifically, Kleinow teaches, at best, the expression of AZF2 in a yeast cell, and not in 
a plant cell. The yeast cells described by Kleinow are specific yeast cells, i.e., yeast 
cells carrying the snf4A2 mutation ( see page 116, right column, results). 

The Examiner believes that Kleinow would have taught that expression of AZF2 
would suppress snf4 deficiency in yeast. However, as it can be seen from table 1 , page 
116, snf4 deficiency is only suppressed on 3% glycerol, but not on 2% glycerol ( see 
also page 119, left column, first paragraph), whereas other genes disclosed by Kielnow 
suppress the snf4 deficiency both on 2% and 3% glycerol. Thus, in view of the 
teachings of Kleinow, the person of ordinary skill in the art would not have been 
motivated to use AZF2 in order to increase yield and/or biomass in plants. 

Further, Kim fails to teach or suggest the claimed invention. Moreover, Kim 
would not have motivated one of ordinary skill in the art to have made the presently 
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claimed invention. The SCOF-1 protein described by Kim is only 42% identical to the 
protein encoded by SEQ ID NO:1835, Thus, SCOF-1 is not essentially similar to the 
protein of the present claims which only encompasses proteins which are at least 95% 
identical to the protein as encoded by SEQ ID NO:1835. Moreover, the document Kim 
only relates to enhancing cold tolerance. 

Further, Sakamoto does not teach or suggest that expression of the protein of 
the present claims would increase yield. Sakamoto only discloses that that the 
expression of AZF2 is induced under certain conditions, namely as a response to ABA, 
high salinity and cold. However, the person of ordinary skill in the art would not have 
understood from the teachings of Sakamoto that expression of the protein encoded by 
SEQ ID NO:1835 would increase yield and/or biomass. The observation that a certain 
gene is inducible under certain condition would not have reasonably suggested that this 
gene, when expressed in a plant, also alters plant characteristics. For example, the 
attached Ascenzi et al (Plant Molecular Biology, 1999, 41:159) shows that the over- 
expression of a DNA binding protein which is ABA and drought inducible does not alter 
plant characteristics ( see page 166, discussion, first paragraph). 

The claims, as amended, are submitted to be patentable over the cited 
combination of art. Entry of the present Amendment and withdrawal of the Section 1 03 
rejection is requested. 

The claims are submitted to be in condition for allowance. Entry of the present 
Amendment and a Notice of Allowance are requested. The Examiner is requested to 
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contact the undersigned, preferably by telephone, in the event anything further is 
required to place the application in condition for allowance. 



Respectfully submitted, 
NIXON & VANDERHYE P.C. 



By: IB. J. Sadoff/ 

B. J. Sadoff 
Reg. No. 36,663 

BJS: 

901 North Glebe Road, 11th Floor 
Arlington, VA 22203-1 808 
Telephone: (703)816-4000 
Facsimile: (703)816-4100 
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Molecular genetic analysis of the drought-inducible linker histone variant 
in Arabidopsls thaliana 

Robert Ascenzi'* and J. Stephen GanlL 

Department of Plant Biolo®, 1445 Oartmr Avenue, University of Mmtesom. St. Paul. MN S510S, USA; * present 
*' ' " " ' ' ' * » < t mpaBm 762 , ami ,a S Umvertn 

Rakish, NC 27606, USA C author far correspondency 
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A"ey won**.' aniiscnsc, Arabidopsis, chromatin, environmental stress, linker histone variants 
Abstract 

Linker histones arc ubiquitous structural components of chromatin that have been shown to influence the expression 
o! u .ub'„ I ol genes in diverse organisms, Nants contain a minor linker histone variant lhat is expressed in most 
,,ssuus ufu,t and iti induced during drought stress, Based on reporter gene analysis in roots, //«,'-} is 

expressed almost exclusively in emerging secondary roots in unstressed plants, but is primarily expressed in the 
ruui rrserisicm and elongation zone of stressed plants. In shoots, expression is higher in younger tissues than older 
tissues. In order to investigate the function of 111-3, we have generated lines will: altered levels of 111-3 Plants 
expressing an aniiscnsc HLtl-2 transcript exhibit a greatly impaired induction ($% of wild-type RNA levels durine 
stress) of lists transcripts in shoots during drought and contain decreased protein relative to wild-type control 
plants. In plants overexposing lIbl-3, more HS-3 is bound to chromatin than in unstressed wild-type piants 
None of the plants containing these transgencs display phenorypic aberrations or differences in water content 
during drought stress. Additionally, the expression of several dro^hi-iesponsivo genes is not significantly altered 
in lines- miscxpresstng Wit/-.?. 

Introduction has been identified in many stress-inducibic genes In 

wheat, trciiicriptton of the Em gene is regulated by the 
I ie umI culm me, ham n that i.in lerlie physiologi- binding of the basic leucine zipper protein EMBP-t 
cal responses to plant water deficit are beginning 10 be (Gmlthwn « <rf.. Il>y0) and by them , nnl „ , ,! , t 
elucidated. A common approach has been to isolate valor, VT'-t (McC'arty el a!. , 1991). It has! 
genes that are induced by dehydration stress in Am- dial linker histone H I dramatically increases the bj,ui- 



kidnpsvt. Many of these genes encode polypeptides ing activity of BMBP-1 in ra (Sehuli e> a! 1996) 

Of unknown Junction (e.g. rah lit, M29A. AtDi2l), highlighting the importance of chromatin structure in 

while some encode products for which a function may plant gene regulation. 

be ascribed (e.g. AtP5CS,rd2S) (reviewed by Ingram Linker histones (e.g. Hi, H5, HI") have been 

and Battels, 1 996). Most of these genes are also in- shown lo bind the Sinker DNA between nucleosom-s 

dnced by low temperatures, ARA, high salt, or during as well as the nuclcosome core particle itself it, c 1 

u°" <Bray ' °"* 0f rheSe gmcs ' by ZlatalTOV a van Holrie, 1996), The globular 

Rd29A, has been used to obtain mutants defective domain of linker histones has been shown to bind 

'"™ lc *"J s,gnat T l " Sl1 ,cti l ' Jsh:,ani 01 ai - at an asymmetric position within the microsome ei- 

UJ7). Research into the regulation of these stress- ther away (Pmss el ai., 1996) or close to the dyad 

inducible genes by promoter analysis has revealed (Zhou a at, 1998). Binding of the globular domain 

several important sequence elements and binding pro- lo the nuefcosome c: arac critical pintects 20 br 

tens. Notably, the AlU-response element (ABRE) of linker DNA from nuclease digestion (Allan ft J 
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1980). This properly is shared with the HMG-I/2 
and HMG-l/Y clirOniOSOiiutl proteins, and it has been 
proposed that ail of these proteins bind u common 
iinker-histone-bindingsite with varying affinities (Hill 
and Reeves, 1997). Linker histories are thought to aid 
the formation and maintenance of higher-order chro- 
matin structure and repress gene transcription, while 
HMG proteins are associated with matrix-attachment 
regions and actively transcribed chromatin. 

Linker histones vary in their primary sequence, and 
most higher organisms contain several distinct sub- 
types. The function of (inker historic variants has been 
explored hy gene knockout and RMA reduction strate- 
gics mainly in prntists and animals. Deletion of the 
Singular macronuclcav linker hismne gene in Te/ruhy- 
mena led to a decrease in nuclear condensation and an 
alteration in the transcription of specific genes (Shen 
et al., 1995, Shen and Gorovsky, 199rt). Tn Siiixhu- 
romyces, deletion of the unique linker histone resulted 
in no detectable changes in growth or telomere si- 
lencing in sc> eral stra.ii ( r her and Schafi'ncr, 1997, 
Patterson et al., t99R; Ascend, Ganlt, and Berman, 
unpublished observations). However, these unicellu- 
lar organisms have a relatively simple developmental 
program, and possess single isofomu of linker his- 
tones (hat arc structurally different from those found 
in organisms exhibiting multicellular organization. In- 
deed, there is evidence that linker histones play n role 
in animal development. Dcvelopmcntally regulated 
accumulation of somatic linker histones in Xmopux 
causes cells to lose competence lo differentiate into 
mesoderm during embryogenesis The maternal vari- 
ant, HIM, does not affect competence (Slcinbach 
til al, 1997). This loss of competence appears to 
be accomplished by transcriptional silencing of se- 
lect regulatory genes. The regulation of the mouse 
mammary tumor virus promoter has been shown to be 
dependent the presence of histone H f (Lee Olid Archer, 
1998). This underscores the importance of chromatin 
structure, and historic HI in particular, in the regula- 
tion of a variety of developmemftlly important genes. 
In (he single published plant report, overexpression 
of Amhidopxlfi JIkt-2 in tobacco was shown to per- 
turb normal development (Piymakowska-Bo/ak et al. 
1996). 

We isolated a divergent linker histone gene, Hisl- 
3, that is induced hy progressive drought stress but not 
by rapid desiccation, cold, or high salt (Ascenzi and 
Ganlt, 1997). The accumulation of His 1-3 Iranseripls 
precedes that oi'Rd29A under these natural drying con- 
ditions. This drought-inducible linker histone subtype 



appears to be conserved among flowering plants and 
is analogous to the vertebrate H17H5 variants in that 
it is relatively rich in arginine and may function as a 
replacement variant. We hypothesize that plains have 
maintained a distinct droughl-inducibie linker histone 
variant to cope with the unique physiological condi- 
tions that drought sftess imposes. We have explored 
mis hypothesis by introducing sense and antisense 
transgenes under the. control of the CuMV 35S pro- 
moter to manipulate the levels of HI -3. in this report, 
we further characterize the expression of Hixl-3 and 
describe changes in HI-3 content in the chromatin of 
sense and antisense transgenic plants. 



Materials and methods 
1'latu material 

For aii experiments, seeds of wild-type Arabldopxix 
thaliana (L.)Heynh. ecotype Columbia and transgenic 
derivaiivcs of the ecotype were sown on horficul- 
mral posting mixture (Metro-Mix 360, Scotts Co., 
Marysville, OK). Stratification was performed for at 
least two days at 4 "C Growing conditions were 16 
h light (beginning at 07:00), 150 p.E nf 2 s" 1 with a 
light-cycle temperature of 22 "C and dark-cycle tem- 
perature of 20 "C. Ptanls were fertilized once, one 
week after germination, with Miracle-Grow (Scotts, 
Port Washington, NY) and otherwise watered with 
distilled water. 

Plasmids and plant tramfotmntkm 

plasj 'I « stud> -vere constructed as 

follows. 

1. Hisl-3::C!US. A translational fusion of HI -3 and 
/f-gtucuronidase (CUS) was made by direction- 
ally ligating a ffwdTTl-%/11 fragment containing 
3.4 kb of ///.!/-.? upstream sequence (this includes 
die 5' UTR and the first four codoris) inio the site 
created hy a UmdlU-BartiUl digest ol'pBHOI 3 
(Cloittcch, Palo Alto, t A). 

2. 35Si;;/Jial-3ASOam 1 28Tj5T7, obtained from the 
Arabidopsis Biological Resource Center, contain- 
ing a nearly tuli-lcngth HI -3 cDNA, was digested 
with P.rtl and SnuBl and this fraginem was sub- 
cloned into the site created by uPstl-EcoSW digest 
of pDluescripl KS- (Siratogeuc, La Jotla, CA). 
This clone was then digested with Sucl-HincU 
and tigatcd into the SmahSacl sites of pB1121 
(Clontech). 
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3, 35S:;N!sl-3 Clone 128L6T7 was digested with 
EcoRUBamW , and directinnally gubcioncd into 
pBlucscripl KS-. This construct was then di- 
gested with SmaUSacl and Isgated into the corre- 
sponding sites ot'pBl 121. 
Al! constructs were introduced into Agmhacierium 
tiimejaciens and plants were transformed by vac- 
uum infiltration (Bcchtold ei al., 1993) as described 
by van Hoot' and Green (1996) except that wc in- 
filtrated only the inflorescences without immersing 
loaves of To plants, and iituislurmsinis (T|) were se- 
lected with 30 fig/ml kancmycin (Ka). T j plants were 
self-pollinated to generate a Tj population with the 
iransgencs segregating. Plants from the Tj generation 
were sell-pollinated and their progeny screened (T 3 
generation; for 100% Kji resistance indicating that the 
plants were homozygous for at least one T-DNA Incus. 
While segregation may he occurring at an unlinked 
locus, the most thoroughly analyzed lines do not con- 
tain two unlinked loci, Al this stage, independent 
Iransformants were confirmed by Southern blotting. 
Homozygous lines were used for most analyses. 

Stmss Imalmvnln 

I'lants were subjected to water stress by progressive 
drought treatment (Gosti stcti, 1995). In these experi- 
ments, plants were grown in pairs (one wild-type plant 
and one transgenic plant) in standard-size cell packs. 
At 14-16 days after gemination, water was withheld 
from a subset of coll packs. After an additional 6- 
1 2 days, plants were either harvested for water content 
analysis or for extraction of RNA or chromatin pro- 
tein. For these experiments it was useful to have a 
rapid means of identifying and then determining the 
degree of drought stress experienced, by plants. Two 
stages of progressive drought stress in Arabktopm 
thallium Columbia were characterized on the basis 
of both gene expression kinetics (Asocn/i and Gamt, 
1997) and phenorypic observations. The 'early' stage 
occurred five to seven days after withholding water 
and is characterized by tiisl-3 and rahlS induction, 
an increase in anthncyanin in new leaves as evidenced 
hy a slightly darker appearance and pigment in the 
RNA extract, and a slight loss of turgor (83-95% rel- 
ative water content, RWC). The 'late' stage, occurring 
8-1 2 days after the final watering, is typified by induc- 
tion of the Rd29A and AtDi2! transcripts, repression 
of cab and rhcS, n further increase in anthoevuniii, and 
obvious loss of turgor (less than 85% RWC). Most of 
the results in this paper are from late-slagc plant-pairs. 
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All plants were harvested between 1 3:00 and 1 .100 to 
minimize any diurnal periodicity in transcript accumu- 
lation that has been documented for the tomato His 1- 2 
homologue (Corlett et al., 1 998). 

h'kh It m , i ay 

Spatial expression of His! -2 in stressed and unstressed 
plants was assayed by GUS reporter gene expres- 
sion. GUS staining was performed as described by 
Sieburth and Meyerowitz (1997). Stained tissues were 
either observed directly or embedded in paraffin and 
Sectioned lor microscopic observation. 

Molecular methods 

ONA and RNA was extracted from whole seedlings 
and analyzed as described previously (Ascenzi and 
Crantt, 1997) with the following exceptions: RNA 
probes were ased to dctcei sense and anti-sense 
Hi.ti-3 transcripts; Hybond-N (Amersham, Arlington 
Heights, 1L) membranes were used for RNA bints; 
and high-stringency hybridizations were performed 
by prehybsidtzmg in the. buffer previously described 
(Gantt and T.envik, 1991) and by adding 0.2 volume 
Sfl% dextran sulfate prior to probe addition. 

Proteins and antibodies were prepared and ana- 
lyzed as described previously (Asccnzi and Gantt, 
1997) with the following modification lor small tis- 
sue samples. Arubitlupsix seedlings weighing 1.5 3 g 
were quickly frozen and ground in liquid Nj, and re- 
snspeitded in 0.4 M sucrose, 10 mM MgCI.-.,, 10 mM 
Ti is pH 8,0, and 5 mM 2-mercaptocthanol containing 
1 mM PMSF, I mM benzamidtne, 0.25 mM TF.CK, 
50 M*'ml TPCK, 5 fi £ /:n! aprottnin, 20 /ag/ral an- 
tipain, 1 mg/m! leupeptin, and 1 mg/ml pepstatm A. 
The homogenaie was filtered through Miraclolh (Cat- 
hiocheiii, Lii Jolla, CA), and spun for 2 min in a 4 r 'C 
microcentrifuge. Washes were also performed in Ep- 
pendorf tubes and the impure chromatin was pelleted 
through 1.7 M sucrose in a Bcckman SW 41 rotor 
(20 000 rpm) for 15 min. Yields were typically 30- 
40 chromatin per g tissue 1'roteins were analysed 
by SDS-PAGE or acid urea-PAGF. (Spiker, J98Q) in 
a mini-slab electrophoresis apparatus (Idea Scientific, 
Minneapolis, MN) and transferred to nitrocellulose 
(Gelman, Aim Arbor, Ml) in 0,7% acetic acid in a 
Trans-blot Cell (BioRad, Hercules, CA). Duplicate 
gels were stained with Coomassie or silver nitrate. 
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Physiological measurements 

Plant water status was evaluated by estimating rela- 
tive water content (iWC) This value was obtained 
by the following calculation: [{licsli weight - diy 
weight)/(turgid weight - dry weight)] x 100. Plants 
in late-stage water-stress were harvested by cutting 
above the cotyledons and excising the leaves with 
a ra7nr ; and then these separated loaves and shoot 
apices (containing leaf primordia) were immediately 
weighed. The turgid weight was obtained by rchydrat- 
ing the tissue for 24 h in the dark (cut surfaces down, 
eg, petiole) in humid chambers each consisting of 
h water-saturated tissue paper in a sealed Petri dish. 
The excised organs were then quickly blotted dry and 
rewcigbed. The tissue was then dried in a 65 C C oven 
fur ul least 48 h before measuring the dry weight. 

Results 

Induction and spatial Expression o/TTis t -3 

A translationai fusion between /(-glucuronidase and 
11 1 -3, containing 3.4 kb of upstream Mix I -3 sequence, 
was constructed in pUllOU. This construct (Hisi- 
3::GUS) was introduced into Arabuiopsis by the vac- 
uum infiltration method (Bcchtofd e.t a i, 1993). Wc 
recovered a total of nine independent Kn H transfor- 
mants. All independently transformed lines expressing 
the reporter had identical expression patterns. As ex- 
pected, all lines exhibited increased GUS expression 
When the plants experienced drought stress (Figure 1) 
indicating that reporter gone expression can be at- 
tributed to putative stress response elements contained 
within the transgenic. However, we observed differ- 
ences in the staining intensity between lines. As nega- 
tive and positive controls, we stained wild-type plants 
and plants expressing GUS driven by the 35$ promoter 
in each experiment. We did not observe staining in die 
wild type and staining in the 35$::GUS plant was ob- 
served throughout the plant. Tn addition, the staining 
intensity in drought-stressed 3SS. . GUS did not show 
an increase relative to unstressed plants. 

In stressed and unstressed plants, expression is 
highest in young leaves and inflorescences (Fig- 
ures 1A and B). in flowers, expression is consistently 
observed primarily in the pedicels, calyx, ovary (espe- 
cially at the junction between the ovary and style) and 
in anthers (Figures 1C and D). While the expression 
pattern does not change upon drought stress in shoots, 
in roots GUS expression appears to he shifted from 



emerging secondary roots in well-watered plants (Fig- 
ure IE) to the mcristems of already elongated roots in 
drought-stressed plants (Figure IF). The overall level 
or GUS staining in the root system is also elevated in 
stressed plants relative to controls. 

We also observed tissue-specific developmental 
t emulation utHisl-3 expression. In young seedlings, 
expression is uharaetcristical bui near or at the 
transition zone, the area at the junction of root and 
hypocoryl (figure 1G), in hydathodes, guard cells 
(Figure 1H). and in trichome bases. In mature plants, 
developing ovules and sriliquc vasculature leading to 
the ovules (Figure II) exhibit high levels of reporter 
gene expression. While leaf and flower primordia are 
most intensely stained, the central mcristem has un- 
detectable reporter gene expression, although there is 
expression in the Hunk mcristcm zone (Figure 1J and 
data not shown). Interestingly, the level of GUS stain- 
ing increases when plants are grown on 3% sucrose 
and espusod to a dark period relative to plants grown 
on 1% sucrose and exposed to darkness (compare 
cotyledon in Figure 1 K with 1 L). His 1-3 transcript lev- 
els in plants grown on 3% sucrose and exposed to a six 
hour dark period arc increased an average of two-fold 
compared with similarly treated 1% Sucrose controls 
(data not shown). 

Aside from its ability to be drought- induced, the 
tissue-specific regulation of Hish3 is distinct from 
H I -I andhixl-2. His I -3 is not expressed in the central 
zone of the shoot mcristcm in contrast to lltsl-I, and 
also, llml.3 expression is evident in hydathodes and 
in the transition zone (Oroitt and Gantt, unpublished 
data). However, there is considerable overlap with the 
two highly expressed i «riat f ~ it dicating that the linkei 
histone variants probably co-exist within many tissues. 

Plants expressing the His 1-3 cTiNA in thtt an/isense 
orientation contain decreased levels of H 1-3 
transcripts and protein 

We transformed a construct containing an Ul-3 cDNA 
in the antisense orientation driven by the 35S CaMV 
promoter (3SSrHl-3AS) into Awbidopsis by vacuum 
infiltration in two pools of six plants. From a total of 
13 Kn R T| plants recovered, 10 had unique Southern 
blot profiles from analysis of UNA extracted from T2 
plants (data not shown). These independent 3HSW- 
3 AS lines varied in transgene copy number from one 
(line ASb7) or two (ASbl and ASb4), to several dozen 
(ASa2a*d ASb8) (Table 1). 
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To examine ihe effectiveness of the 35$tiisJ-3AS 
transgenic in reducing His 1-3 transcript levels through- 
out the plant, we performed RNA biul analyses on 
RNA extracted from seedling roots (md shouts from 
wild-type plants and plants from each of the ten in- 
dependent lines. Plants were grown in ceil packs 
(40 cnvVcell) under well-watered conditions and water 
was then withheld after two weeks. Pairwise com- 
parisons of RNA levels in plants sharing the same 
limited root space were undertaken to insure Usui 
the plants were experiencing an equivalent degree of 
stress. Figure 2 shows the steady-sinus Iranscripl levels 
for Msl-3 in addition to constitutively expressed and 




Fipiiv j Proton Mnt nnnivsn r,f n ?tf ■//,>■;..)../ v pUn; A 
i i meted ehroir.obom.il proteins t.-oii I ,m ,m} C i d 
AimuhWnrixU (D) wiid-typc (wt) and OTtiwWw line bi fASbl: 
u ert separated ,-,» an I 5% wid-uica puiyacryKKnisfc fid and sraiiwtj 
with c«Mii»i* R Proteins from s duplicate gel wore trans- 
ferred i« nitrocellulose sad probed &Kitwia«iiv with unibndics 



drought-inducible genes in two representative lines In 
wild-type plants, riidi-jt transcripts increase in shoois 
mid ruols upon progressive drought stress treatment as 
had beer, previously demonstrated (Asccnzi and Gantt, 
1997), In shoots, concomitant increases are observed 
in the drought-inducible genes Rd29A and Atmi. As 
expected, there is no change in the expression in the 
housekeeping genes encoding the /^-tubulin isoforms 
or histonc HI-2 (figure 2). In contrast. His I -3 is re- 
duced in line ASb4 despite induction nf'the two other 
droughi-indueiblc genes. However, not all of the trans- 
formed lines have reduced levels of Hint -3 transcripts. 
For example, A Kb 7 accumulates wiid-typc levels of 
His [-3 (Figure 2). A summary of the degree of JJisJ- 
3 transcript reduction in shoots of the various lines is 
shown in Table 1. The relative induction in three tin- 
tisense lines compared to wild-type was quantified by 
a rhosphorlmagcr (Molecular Dynamics, Sunnyvale, 
CA). After eight days of progressive drought stress, 
His!- 3 transcript levels were 35%, 5% and 100% of 
wild type levels in ASM (». « 4), ASb4 (n = 3), and 
ASb7(«= 4), respectively, 

In order to evaluate the effectiveness of the tmii- 
sensc RNA at reducing protein levels in phniu, wc 
purified chromatin from leaves of drought-stressed 
wild-type and H I -3 antisense line ASbl . Proteins were 
extracted from chromatin with 0.2 M H2SO4 and sub- 
jected to atid-iirea-PAGE (Figure 3 A)' lu wild-type 
plants subjected to drought, a novel polypeptide is ob- 
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served within the range of expedite! tnubilily for HI-3 
(indicated by an arrow). There was ho different in the 
intensity of mining in ihc band designated HI (con- 
taining the major variants H1-1 and Hl-2). In contrast, 
tlic putative HI -3 polypeptide was not delected in the 
drought-stressed antlsense lice. To identify the bandas 
Hl-3, we probed a blot from a duplicate get with anti- 
body against the N-tcrmiiius of Hi -3 (Figure 3B), The 
•olype r d in the western blot has the same 

mobility as the faint band of lane 2 in Figure 3A. In 
wild-type plants, HI-3 was five-tbld more abundant in 
chromatin from drought-stressed plants as compared 
to control plants. In antisctise plants, HI-3 was un- 
detectable in non-stress conditions and was decreased 
three-fold in drought-stressed plants relative to com- 
parably stressed wild-type plants in good agreement 
with RNA-blnt results. The amount of Hl-1 and HI -2 
extracted from chromatin did not differ befwecn lines 
or treatments. We conclude that HI -3 is effectively re- 
duced in a line expressing 3SS::/fI 3AS, and thnr the 
tresusgene lias no deteeiablc effect on T T 1 - 1 and Hi- 

2 levels. The amount of HI -3 in chromatin from ihc 
drought-stressed ASbl line is only marginally higher 
thttn that found in unstressed wild-type plants, sug- 
gesting that drought-stressed XtovV/frKUSplantsare 
unable to achieve a HI. 3 level much greater than the 
unmdueed wild-type level. 

Plants over-expressing the Tils ! -3 t-DNA contain 
Increased levels of His I -3 transcript* and product 

lhs}>3 transcript levels were examined in three lines 
containing 3SS::Hisl-$. All lines exhibited increased 
Hisl-3 transeripts relative to wild type (Figure 4 and 
data not shown). There was no change in the tran- 
script levels of Hisl-i and Hisl-2 in these plants 
(Figure 4 and data not shown). When the 33S:: Ukl- 

3 line is subjected to drought, Hisl-i transcripts 
stil! accumulate to much higher levels than compa- 
rably drought-stressed control plants (figure 4). We 
attribute the increusod levels of His 1-3 in in drought- 
stressed 3SS"::HisJ-3 plants to be an additive effect 
of the fransgene and endogenous gene. Alternatively, 
the stability of IIisl-3 mRNA in in drought-stressed 
plants may be slightly enhanced, leading to increased 
Stead y-sl&le message levels. 

Next, we examined whether the additional Hisl* 
.? transcripts were translated and incorporated into 
chromatin. Acid-extracted chromatin proteins from 
well-watered wild-type and u 35S::His!-3 line were 
subjected onto SDS-PAGE and blotted onto nitrocel- 
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lined ntur. ..«r».*!lMlo»e unJ men probed multuseou > wilt 
' H 1 1 ami ovine H4 (liylil panel). A duplicate gel wu 
stained usinr. » ,m«ui silver itain method (left panel). 



luiose (Figure 5). The blot was probed with antibodies 
against hisiones H4 and 113-3. As expected, little 
difference m the level of H4 was observed but a 
polypeptide with the mobility of III -3 was observed 
only in the plants overexposing Hill -3, Histone Hl- 
3 was nine times more abundant in the overexpressiug 
line than in wild-type using a Phosphorlmager with 
the H4 signal as the standard. This result demon- 
strates that unstressed plants containing 3SS::IIisl.3 
may achieve ehronmtin-bound H I -3 levels higher than 
stressed wild-fype plants. 
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In order to test tor autorcgulalion, wc crossed 
plants homozygous for the Hisl-5;:<dUS construct 
to a plant homozygous for i5S;;llisi-3. There was 
no dillerencc in the GUS staining pattern or inten- 
sity suggesting that HI -3 docs nut regulate its own 
transcription (data not shown). 

Plants txpmssiitg Hial-'i antiseme transcripts do not 
haw an altered water status during drought stress 

To determine if Hl-3 performs a significant function 
related to the drought response, we examined whether 
plants wllh reduced levels of Hl-3 hud altered wa- 
ter relations. We did not observe differences between 
35S.:HisI-3ASand control plants under drought stress 
in terms of growth (leaf initiation, biomass, eessiuiou 
of growth) during stress. Next, we estimated water 
deficit by measuring relative water content (KWC) and 
water content relative to dry weight (%WC). There 
was no significant difference between the water deficit 
of the effective ASb4 and ineffective ASb7 lines us 
estimated by both methods (Table 2). The ratios of 
water content between pairs of wild-type and anti- 
sense plants were examined, and again there was no 
difference between the ASb4 and ASb7 lines. These 
data suggest that the whole plant response to drought 
is unchanged in the ASb4 atilisouse line despite the 
demonstrated change in His 1~3 gene expression. 

Plants misexpntmng His i -3 do not exhibit 
aherudoms in drvtight-rexpomnv gene expression 

We measured the relative transcript levels of several 
drought-responsive and control genes in plants ei- 
ther ovcrcxpresstng or underexpressing Hl-3 during 
drought stress using plants grown as described prcvi- 



ously, riants that were experiencing late-stage stress 
or were grown under well-watered condition* (see 
Materials and methods) were harvested for these ex- 
periments. Wc examined tour transgenic lines (one 
35S::Hisi-3 line and three 35X::HisI-3AS\huis) with 
varying degree of endogenous transcript suppression. 
The ratio of transcript levels in each pair, consisting 
o! a transgenic plans and wild-type control, were cal- 
culated for each transcript. As a loading standard, we 
used rpsll {Gsntt and Thomson, 1990), a cytosolic 
ribosnmnl protein, thui appears not to respond to stress. 
Wc also examined the expression of non-drought- 
responsive genes crpliS (Thomson et at., 1992), 
Hixl-L Htsl-2 (Gantl and Lenvtk, 1991), and TUB I 
(Oppenlieimer et al., 1988) genes as controls. We 
selected the drouglil-iuduciblc genes AlDHt (Gosti 
ct al., 1995), Rd2'M (Yamaguehi-Shinrwaki and Shi- 
noMki, 1993) and rabl& (Lang and Palva, 1992) 
and the drought.rcprcssibieco62 {AM 65) (Leutweiler 
t:t al., 1986) and rhcS-IA (Krebbers et at., 19R8) 
genes. We did not observe consistent differences in 
any of the ten constltuuvcfy expressed or drotight- 
responsivc transcripts analyzed in multiple trials (data 
available tipon icqucsi). 



Discussion 

Using transgencs, we have markedly altered the level 
of histone Ml -3 in ehromalin. We have not observed 
any changes in growth nor hove wc observed consis- 
tent changes in drought-responsive gene expression in 
plants with altered levels of the histone Hl-3. 

As a prelude to our histone modulation experi- 
ments, we examined the spatial expression of Hisl-3 
for two main reasons. We first compared the expres- 
sion pattern of Hisl-3 with ilisl-1 and Mix I -3 (Ofcutt 
and Gunlt, unpublished observations). This knowl- 
edge would help us interpret the results of the histone 
modulation experiments. If Hisl-3 had an expression 
pattern distinct from Hisl-l and ltisi-2 then it would 
be less likely that the genes have redundant functions. 
Second, knowledge of expression patterns would help 
us identify candidate genes whose overall gene ex- 
pression could be affected by Ul-3, In well-watered 
and drought-stressed Arabidopsis plants, reporter gene 
experiments suggest that Hisl-3 is expressed primar- 
ily in expanding shoot tissues and in mot. nicristcms. 
Like Uisl-l and HisJ-2, expression does not seem 
to be ceil-cyole- dependent in shoots because expres- 
sion is not principally observed in the mcristem. In 
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young seedlings, His I -3 is expressed in hydathodes, 
These glands, located in the marginal serrations of 
leaves and tips of cotyledons, are ihought to expel 
water from root pressure, The expression of some 
drought-inducible and sugar-inducibie genes is also 
locally higher in these glands (e.g. Hua et al., 1997; 
Martin el aL, 1997). Hua el al. (1997) described 
the developmental regulaiioii of a druughi-induciblo 
gene encoding pyrrotitse-5-carboxyiate reductase us- 
ing the GUS reporter gene, the expression pattern of 
which «i seedlings is nearly identical i<> f/ts!-3::GUS. 
In addition to hydathodes, expression is observed in 
stormtal guard cells, mot meristems and pritnordta, 
and the basal cell of trichomas. Martin al. (1997) 
also observed that the suerosc-inducihle patatin gene 
is developmental^ expressed in what appears to be the 
transition zone. This is the same region in which we 
consistently observe His I -3 expression, lrilcrostingly, 
Hit I -3:: GUS plants grown on high sucrose, show in- 
creased reporter gene expression in hydathodes ami 
other tissues. Increased Hisl-3 transcript levels also 
occur in plants grown on %% sucrose irtsiead of i%. 
This cannot be explained on the basis of an increase 
in osmotic potential (from -0.071 to -0.214 JvfPn) 
alone because 250 mM NaCl (-0.61 MPa) does not 
induce //«/-.? (Ascend and Cantt, 1997). Our findings 
describe a pattern of expression similar 10 whal has 
been described for genes induced by water-stress unci 
high levels of sucrose (Hua et at., 1997; Martin et ul., 

mi) 

Analysis of linker histone function by modulat- 
ing the amount of specific linker histone variants in 
animals has demonstrated a role, for specific gene regu- 
lation by the different linker histories. Overexpression 
of Til" in a mouse cell fine led to repression of the 
several transcripts tested while overexpression of the 
HIc variant had little or even the opposite effect on 
expression of the same genes (Brown et ul , 1 996). The 
stimulatory effect of Hie overexpression on gene ex- 
pression was attributed to its ability to promote & more 
Open chromatin configuration, while the repression of 
gene expression by HI" was ascribed to its ability lo 
be more readily incorporated in chromatin. Similarly, 
deletion of a gene encoding a single | ul ker histone 
variant in a chicken cell line led to changes in the 
expression of several genes as evidenced by 2D-PAGE 
(Seguchi etal ,1995), In another study using the same 
parental cell line, deletion of five of the six somatic hi- 
stone His fed to extensive changes in gene expression, 
hut no change in growth rate (Takami and Nakayama, 
1997). In a cell line with five deleted histone genes 
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and hemizygous for the remaining histone HI gene, 
fully one half the norma! levels of HI was bound lo 
chromatin. Interest ingly, the amount of HMG pro- 
teins was doubled. Studies using animals in which the 
levels of particular HI variants have been modulated 
have generated contrasting results. laXenopus, preco- 
cious expression of linker histones led to a premature 
loss of mesodermal competence whereas reduction of 
somatic linker histones by ribozymes extended the pe- 
riod that cells remained competent (Stcinbach et at., 
1997). When the mouse gene encoding HP was 
deleted by tat acted disruption, the mutant animals ex- 
hibited a normal pheiMype (Sirotkin et al., 1995). 
Furthermore, the absolute amount of linker histone in 
the animals remained unchanged, from these studies, 
it is clear that linker histone variants regulate gene 
expression of a subset nf genes and as a result reg- 
ulate development in some cases. However, it appears 
that compensatory mechanisms abound that ensure the 
proper levels of linker proteins in chromatin. 

Because linker histones have been shown to regu- 
late the expression of a subset of genes in Tetrahymena 
and Xcnopm, we examined the expression of several 
drought-responsive genes. We employed a candidate 
approach. Genes were selected that met the follow- 
ing criteria: (J) a change in expression occurs after 
Hisl-3 induction during progressive drotighl stress; 
(2) spatial expression overlaps with Hisl-3, and (3) 
expression was repressed by drought. The third crite- 
rion is based on the observation thai Hl-3 binds more 
tightly to chromatin than cither HI - 1 or H 1 -2 and thus 
may be more likely to repress transcription (Aseenzi 
and Gantt, in press). 1'hOEOSymhctic genes are thought 
to be repressed during drought stress to prevent photo- 
oxidation (Ingram and Battels, 1996). In addition, it 
has been shown that rbcS (or clone pTTTT25) was dra- 
matically down-regulated in Arahidoptis during rapid 
desiccation and drought stress (Baker ct ul , 1994; 
Williams et aL, 1994). RbcS-lA and -3B have also 
been shown to be repressed by high 'nighttime' su- 
crose levels (Cheng at aL, 1 998). We did not observe 
any consistent alteration in the levels of any of the 
trunacripts tested. However, this docs not prove that 
Hl-3 does not modify the expression of genes or is 
entirely functionally redundant with H!-l and Hl-2 
because wc examined a limited number of genes. ] n 
addition, a transgenic approach may nnt he the ideal 
method for identifying the function of H I -3. A JtliaJ- 
3 null mutant would insure that the protein is entirely 
absent from the plant, a condition we were not able to 
produce. A more thorough search for gene expression 
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phenotypes in UhJ-3 transgenic plants and/or mutants 
should include 2D-PAGE, differential display and/or 
whole-genome analysis strategies. 
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